Study aim: To assess body posture variables in girls practicing sport gymnastics vs. their untrained mates. Material and methods: Two groups of girls aged 7 -11 years were studied: 48 young female gymnasts (Group SG) and 54 untrained girls (Group C) of comparable age, body height and BMI. The gymnast girls had 3 -7 training sessions a week, their training experience ranging 1 -5 years. Body posture was assessed by photogrammetry. Results: Shoulder blades and pelvis were significantly (p<0.05) more symmetrical in gymnast girls than in the control group and their spine was better shaped in the youngest gymnasts (p<0.01). Gymnast girls were significantly (p<0.01) superior to their untrained mates in overall posture rating, Lumbar lordosis was less expressed (p<0.05) in gymnast girls aged 7 -10 years than in the control ones. Conclusions: Sport gymnastics practiced at young age may affect posturogenesis bringing about body symmetrisation and shaping spine curvatures, especially lumbar lordosis.
Introduction
Physical development and life quality of training children and youths are of particular concern of parents and coaches due to the risk of applying training loads at that age. Inasmuch physical exertion is an indispensable stimulus of the growth process, excessive loads and the resulting adaptive changes may adversely affect posturogenesis. This is of importance when sport training is undertaken as early as at 6 -7 years of age.
Deviations from the proper body posture, resulting from excessive and/or sport-specific training loads, were reported by many authors [6, 7, [15] [16] [17] . Body posture disorders, like asymmetries or abnormal spine curvatures may bring about spinal pains [5, [9] [10] [11] and postural disorders are enhanced in sedentary, i.e. motor-deficient children, especially in the so-called critical periods of posturogenesis. The aim of this study was thus to assess body posture variables in girls practicing sport gymnastics vs. their untrained mates and to determine their frequencies in both groups of girls.
Material and Methods
Two groups of girls aged 7 -11 years were studied: 48 young female gymnasts (Group SG) and 54 untrained girls (Group C), the latter ones were selected so as to match their gymnast mates in body height and BMI at given age. The training frequency of gymnast girls varied with their age and amounted to 3 -4, 5 -7 and 7 days a week for girls aged 7 -8, 9 -10 and 11 years, respectively. Youngest girls had training experience of 1 -2 years and practiced predominantly general and flexibility-shaping exercises, oldest ones had training experience of 5 -7 years and trained specific exercises.
Body height and mass were measured using a standard stadiometer and medical scales, the accuracies amounting to 0.1 cm and 0.1 kg, respectively. From these, the body mass index (BMI) was computed.Body posture variables were measured using an automatically recording Mora system, v. 4 (CQ Elektronik System, Wrocław, Poland).
Girls, standing back to the camera (distance 2.6 m) in their habitual postures, were exposed to recording for 5 s after the following reference points had been marked: spinous processes C 7 -S 1 , posterior superior iliac spines and inferior scapular angles. The following data were recorded (all angles as absolute values) in the frontal and sagittal planes:
-Trunk angle (TA), i.e. that between the C 7 -S 1 line and vertical axis; -Deviations (mm) of spinous processes from the straight line (SPD); -Symmetry of shoulders (mm; SS); -Symmetry of shoulder blades (mm): horizontal (HSB), vertical (VSB) and versus spine (SSB); -Symmetry of waist triangles (mm): horizontal (HWT) and vertical (VWT); -Pelvic alignment (mm), which includes pelvic deflection in frontal position (PA) and pelvic torsion in the transversal plane (PT). The following measurements were recorded in the sagittal plane: -Trunk tilt angle (TTA), i.e. that between the C 7 -S 1 line and vertical axis; -Deviation of the upper thoracic spine (α angle); -Deviation of the thoraco-lumbar spine (β angle); -Deviation of the lumbo-sacral spine (γ angle); -Kyphotic angle (α+β); -Lordotic angle (β+γ); -Compensation index (α+γ).
The metric and angular deviations were point-rated as shown in Table 1 and then the sums of points (range: 0 -25) were computed for every subject.
Student's t-test for independent data was used to assess the between-group differences. The level of p≤0.05 was considered significant, that of p≤0.10 as indicative of a tendency.
Results
The results are presented in Tables 2 -4 . As expected, no significant between-group differences were found for the somatic data ( Table 2) . Gymnast girls proved, in general, more symmetrical than their untrained mates as follows from significantly (p<0.05) smaller deviations in the positions of shoulder blades and pelvis in the former group. Gymnast girls aged 9 -10 years had significantly (p<0.01) better shaped spine than their untrained mates; lateral deviations were smaller and by point rating none of them was rated as even slightly scoliotic. The frequencies of left/right spine displacements were similar in both groups, the left-sided prevailing (67%). In the sagittal plane, a somewhat greater trunk tilt (TTA act.) backwards was noted in gymnast than in untrained girls, especially in the youngest ones (p<0.001); control girls aged 7 -10 years had, on average, slightly negative (i.e. forward) tilt. Moreover, the overall posture rating, i.e. the sum of score points presented in Table 1 , was in gymnast girls significantly (p<0.01) smaller than in the control group (Table 3) .
A less expressed lumbar lordosis was noted in gymnast girls aged 7 -10 years compared with their untrained mates, contrary to girls aged 11 years (p<0.05). Moreover, compensation index indicated domination of thoracic kyphosis over lumbar lordosis in youngest gymnast girls (p<0.05; see Table 4 ). On the other hand, angles of the upper part of the spine, i.e. α, β and the kyphotic one, did not differ significantly either between groups or between age categories.
Discussion
Body posture was reported to be associated with body build indices [4, 8, 12, 14] ; on the other hand, body build may be affected by training loads. Thus, differences in body posture between gymnast and control groups, resulting from differences in body build, might be attributed to sport training only indirectly. 7.7 ± 5.0 8.1 ± 7.4 6.7 ± 5.4 5.1 ± 3.6 7.9 ± 6.7 11.6 ± 8.4 7.4 ± 5.6 7.6 ± 7.0 VWT (mm) 7.7 ± 5.7 8.6 ± 5.7 6.9 ± 3.8 8.8 ± 7.4 7.1 ± 3.2 9.7 ± 8.0 7.2 ± 4.6 8.9 ± 7.0 PA (mm)
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The lack of significant differences in body mass and height and in BMI between those two groups enabled ruling out such imprecise interpretation. When assessing body posture in the frontal and transversal planes, clear-cut symmetry criteria ought to be used in relation to vertical and horizontal lines; all body elements should be positioned symmetrically with respect to the vertical body axis and along the perpendicular horizontal line. An assessment in the transversal plane is equally important due to fairly common trunk and pelvis rotations which may distort body statics; thus, the assessed lateral elements of the body ought to be positioned exactly parallel to the frontal plane.
In this study, some elements of body posture were positioned more symmetrically in gymnast girls than in the untrained ones which might have been due to the symmetry of exercises at gymnast training sessions. On the other hand, the frequencies of spine line deviations, and asymmetries of shoulders, shoulder blades and pelvis, were higher in girls aged 11 -15 years, attending sport grades, than in their untrained mates [15] ; since the former girls were trained in rather asymmetric sports (predominantly running and team games), it could be concluded that the quality of body posture would depend on sport specificity.
The results of a study on body posture symmetry in untrained children aged 6 -9 years with the use of Moire projection technique [3] generally confirmed the results presented here; the prevailing asymmetries pertained to shoulder blades vs. spine, positions of waist triangles and pelvic position in the frontal plane. Contrary to the presented data, the authors noted a reduction in asymmetries
at the age 7 -8 years and their increase at the age of 8 -9 years [2] .
An assessment of body posture in the sagittal plane poses some difficulty since clear-cut criteria of such an assessment are lacking; the only sound criterion is good health combined with normal physical development, without precise recommendations as to the angles of spinal curvatures. Another factor is a high plasticity of that feature and all abnormalities in the sagittal plane are simply classified as postural disorders. A less expressed lordosis noted in gymnast girls aged 7 -10 years and a straighter spine compared with their untrained mates is suggestive of the effects of hang-based exercises resulting in elongation of the vertebral column; this enhances postural symmetry and flattens spine curvatures. In contrast, gymnast girls aged 11 years, i.e. of longest training experience, had lumbar lordosis markedly more pronounced than their untrained or younger mates. This, in turn, could have been due to mounting loads applied to them. The lordotic angle was reported to increase with age, the angles of the upper and thoracic-lumbar segments remaining practically unchanged [1, 13] .
In a study of 22 competitive female gymnasts aged 12 -22 years [5] a high prevalence of spine shape disorders in the sagittal plane and of pathological changes were found. Such disorders are known to contribute to headaches even before 20 years of age, especially when associated with overloads of the locomotor system due to intense training. Girls and young women engaged in competitive gymnastics often complained of back aches, had abnormal spine shape in the sagittal plane and, sometimes, even suffered from spondylolisthesis [5, [9] [10] [11] .
Summing up, gymnastics training may bring about changes in body posture; the trunk of gymnast girls was more deflected backwards compared with untrained girls and the symmetry in the frontal position was more pronounced. On the other hand, lumbar lordosis was less pronounced in gymnast girls aged 7 -10 years and more pronounced in those aged 11 years compared with their untrained mates. Thus, the very young age of starting sport gymnastics training calls for a monitoring body posture in order to detect possible postural disorders at an early stage.
